Abstract The tetrazolium salts (MTT, XTT, MTS, WST) based colorimetric assay or resazurin based fluorimetric assay are currently typical methods for cell sensitivity determination to anticancer compounds. We presented here a new rapid method for this purpose. This method uses a fluorescent dye named DCFH-DA which is previously taken as a intracellular probe for measurement of H 2 O 2 levels within a cell. The application basis for this method lies in two facts: the membrane permeable feature of the final metabolite of DCFH-DA inside a cell, and the linearity relationship between cell number and H 2 O 2 level. The results showed that there was a perfect association between cell number and fluorescent intensity determined by the DCFH-DA method, no matter whether using resuspended or adherent cells, and further 50% concentration of inhibition (IC 50 ) comparison between data obtained by DCFH-DA method or MTT method using a positive known anticancer compound Baicalin showed that there were no significant differences in cellular sensitivity determination to compound Baicalin though there existed a relatively higher coefficient of variation of IC 50 by the DCFH-DA method than that by the MTT method. Thus our data indicate that DCFH-DA might not only be a fine reagent for determination of H 2 O 2 levels in cells but also an ideal fluorescent dye for cellular sensitivity test of anti-cancer compounds, and may be suitable for primary high-throughput drugs screening.
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High throughput screening with simple, rapid and costsaving measurement for cell sensitivity is an ideal tool for new drug discovery. Tetrazolium salts (MTT, XTT, MTS, WST) based colourimetric assay is the most typically used method for this purpose (Mosmann 1983; Scudiero et al. 1988; Cory et al. 1991; Ishiyama et al. 1996) . This kind of assay involves the ability of viable cells to convert a soluble tetrazolium salt into purplecoloured formazan product whose optical density of the resulting solution could be measured on a multiwell scanning spectrophotometer. The standard incubation time for the assay needs at least 4 h and the result will become inaccurate when detecting reaction solution with higher optical density. Another popularized method for new compound screening is the resazurin based fluorimetric assay (Page et al. 1993; O'Brien et al. 2000) . Resazurin is a redox dye commonly used as an indicator of chemical cytotoxicity in cultured cells and metabolically active cells have the ability to reduce blue and nonfluorescent resazurin to pink and highly fluorescent resorufin which is further reduced to uncoloured and nonfluorescent hydroresorufin. Though this dye presents numerous advantages over other cytotoxicity or proliferation tests, it still has several inherent drawbacks for the routine use: the incubation time still needs at least 4 h and easily produce nonfluorescent end-product. We report here a new screening method for cellular sensitivity to anti-cancer compounds. This method is based on a fluorimetric assay using a dye called DCFH-DA which is widely used as an intracellular probe for direct measurement of the cell redox state (Tammariello et al. 2000; Ottonello et al. 2001) . DCFH-DA is a compound readily diffusing into cells where it can be hydrolysed by intracellular esterases to cell membraneimpermeable and non-fluorescent 2 0 ,7 0 -dichlorofluorescein (H 2 DCF) which does not permeate membranes, H 2 DCF is then oxidized by the intracellular H 2 O 2 to a highly fluorescent compound DCF which is membrane permeable and can leak out of cells over time. Accumulation of DCF in cells or extracellular supernatant may be measured by an increase in fluorescence at 530 nm when the sample is excited at 485 nm. The fluorescent intensity is assumed to be proportional to the concentration of hydrogen peroxide in the cells (Bass et al. 1983; Royall and Ischiropoulos 1993) .
Materials and methods
Fluorimetric assay of serial dilution of cells via DCFH-DA A549 and MCF-7 cells in logarithmic growth phase were plated in a 10-cm tissue culture dishes with Dulbecco's modified Eagle medium (DMEM) containing 10% fetal calf serum (FCS), 100 unit/mL penicillin and 100 lg/mL streptomycin in a humid atmosphere of 5% CO 2 at 37°C. After reaching 100% confluence, these cells were trypsinized and suspended in PBS. After counted by haemocytometer, cells were added to a nontransparent white 96-well plate (Corning) by a serial dilution of cells in a total of 200 lL of PBS containing 25 lM of DCFH-DA (Sigma). The stock solution of DCFH-DA is at 5 mM in DMSO. Each serial dilution was performed in triplicate and a corresponding serial dilution in PBS without DCFH-DA dye were set as negative control. The blank controls were PBS plus DCFH-DA and PBS only, respectively. Completed 96-well plates were placed at 37°C for incubation, and fluorimetric assay was executed at 30, 60, 90 and 120 min, respectively, using 485 nm excitation/530 nm emission wave length on a Varioskan Flash Multimode Microplate Reader (Thermo Scientific).
Fluorimetric assay of serial dilution of adherent cells via DCFH-DA D407 cells line was used in this test. The procedures of cell preparation and the negative/blank controls setting were the same as described above. Serial dilutions of D407 cells were plated in two nontransparent white 96-well plates. After culturing in a humid atmosphere of 5% CO 2 at 37°C for 6 and 48 h, respectively, media were removed and 200 lL of PBS containing 25 lM of DCFH-DA (Sigma) was used for each corresponding well. The fluorimetric assays were carried out after incubation at 37°C for 30 min. Cellular growth inhibition test by DCFH-DA based fluorimetric assay versus MTT-Microculture Tetrazolium Assay A549 and D407 cell lines were used in this part of experiments and Baicalin (Sigma) was used as a known positive compound which could inhibit cell growth. Rapidly growing A549 and D407 cells were harvested, counted, and inoculated at the appropriate concentrations (200-lL volume) into 96-well microtiter plates using a multichannel pipet, respectively. Non-transparent white plates were used for fluorimetric assay. After 24 h, serial dilutions of Baicalin were applied to triplicate culture wells, and cultures were incubated for further 24 h at 37°C. The stock solution of Baicalin was 10 mg/mL in DMSO and stored at -20°C. DCFH-DA based fluorimetric assays were carried out as described above. MTT (Sigma) assays were performed as previously described elsewhere (Mosmann 1983) . In brief, MTT was prepared at 5 mg/mL in PBS and stored at 4°C, on test day, MTT was diluted 1:5 in medium without serum, and 200 lL were added to microculture wells. Negative controls and blank controls were also included in each experiment. After 4-h incubation at 37°C under 5% CO 2 in a humidified incubator, the 200 lL were removed from each well, and 150 lL of 100% DMSO were added to solubilize the MTT-formazan product. After thorough dissolving at room temperature, absorbance at 490 nm was measured with a Varioskan Flash Multimode Microplate Reader (Thermo Scientific). Each experiment was repeated three times.
Statistical Analysis
Results were expressed as means ± standard errors of three determinations. Linear correlation and regression analysis and Student's t test were carried out by Microsoft Excel, Office 2003. 50% concentration of inhibition (IC 50 ) calculations were analysed by the profit program using SPSS 11.5 software. Statistically significant difference was considered at p \ 0.05.
Results
Linear relationship of increasing fluorescent intensity with increase in detached cell number determined by DCFH-DA based fluorimetric assay Serial dilutions of A549 cells in triplacte were generated by adding 1, 2, 4, 8, 16 and 32 lL of cells at a concentration of 4.4 9 10 5 /mL in PBS to wells, presenting 440, 880, 1,760, 3,520, 7,040 and 14,080 cells per well, respectively. The final volume of each well was 200 lL of PBS. A similar dilution in PBS in triplicate was prepared for MCF-7 cells at the following cell numbers: 1 9 10 2 , 2 9 10 2 , 4 9 10 2 , Linear relationship of increasing fluorescent intensity with increase in adherent cell number determined by DCFH-DA based fluorimetric assay D407 cells were plated at 2 9 10 2 , 4 9 10 2 , 8 9 10 2 , 1.6 9 10 3 , 3.2 9 10 3 , 6.4 9 10 3 , 1.28 9 10 4 , 2.5 9 10 4 cells, respectively, in triplicate per culture wells. The value of fluorescent intensity was calculated as described above, Increases in fluorescence intensity consistent with increasing cell number plated per well was also observed, no matter if culturing for 6 h or for 48 h. The linear relationship between fluorescent intensity and cell number was obtained after incubation for only 30 min, even at the lowest number of 200 plating cells per well or at the highest number of 2.5 9 10 4 plated cells per well. Cell proliferation during 48 h culturing was also observed, indicating that this kind of method may be practicable in cell doubling time calculation. Data are presented in Fig. 2 .
Comparison of DCFH-DA based fluorimetric assay versus MTT-microculture tetrazolium assay in detecting ability for cellular sensitivity to anti-cancer compounds 2 9 10 3 A549 cells or D407 cells in 200 lL medium were inoculated into each well, respectively. The known anticancer compound Baicalin was applied to these two cell lines using a serial dilution of 1, 3, 9, 27 and 81 lg/mL in culture wells with three independent experimental repeats. With increase of the Baicalin concentration, the inhibition rate determined by the DCFH-DA method was increased in parallel with that determined by the MTT method, no matter whether using A549 cells or using D407 cells in the experiments (Fig. 3) . But A549 cells growth inhibition determined by DCFH-DA method were significantly higher with Baicalin concentration at 1 lg/mL or 3 lg/ mL while significantly lower at 27 lg/mL or 81 lg/mL in comparison to that determined by MTT method (Fig. 3a) . This phenomenon was similarly observed in D407 cells, though there were no significant differences except for Baicalin concentration at 1 lg/mL (Fig. 3b) . Nevertheless, the 50% inhibition concentration (IC 50 ) of Baicalin calculated from three independent experiments between the DCFH-DA method and the MTT method was not significantly different, either for A549 cells or for D407 cells, though the mean value of IC 50 calculated from data determined by the MTT method was lower than that from data determined by the DCFH-DA method, respectively ( Table 1 ). The coefficient of variation 
Discussion
Initially DCFH-DA was used for the detection of reactive oxygen species, especially the H 2 O 2 levels inside cells (Hockenbery et al. 1993; Zamzami et al. 1995) . We found in our pre-experiment that the final metabolite of DCFH-DA in cells may permeate and may leak out of the cells, this finding which was also reported by Royall and Ischiropoulos (1993) and Halliwell and Whitemann (2004) sheds light on a new application of DCFH-DA for cell proliferation and cytotoxicity detection. The data presented here show that DCFH-DA is not only a fine reagent for determination of H 2 O 2 level in cells but also an ideal fluorescent dye for use in a cellular sensitivity test to anti-cancer compounds, and may be suitable for primary drugs screening. Each single cell maintains a certain level of H 2 O 2 concentration which forms a substantial basis of application for this method (Wood et al. 2003; Rhee et al. 2010) . The higher the cell number is, the higher is the total H 2 O 2 level; the linear relationship between them is theoretically and practically proven by logical reasoning and the experimental data (Figs. 1, 2) . The principles of application between DCFH-DA based fluorimetric assay and Tetrazolium salts (MTT, XTT, MTS, WST) based colourimetric assay or resazurin based fluorimetric assay are totally different. Concerning MTT-like methods, the yellow tetrazolium salts are reduced to form a water-insoluble (for MTT) or soluble (for XTT, MT, WST) crystallized purple formazan via the cleavage of the tetrazolium ring by the succinate dehydrogenase within the mitochondria (Mosmann 1983; Twentyman and Luscombe 1987; Scudiero et al. 1988; Cory et al. 1991; Ishiyama et al. 1996; Goodwin et al. 1995; Marshall et al. 1995) . Enzymes that may be involved in resazurin reduction are also various dehydrogenases of mitochondria, cytosol and microsomes (Page et al. 1993; O'Brien et al. 2000; Gonzalez and Tarloff 2001) . Thus both tetrazolium salts and resazurin based assays are readily affected by these enzymes activity. As for the new method, though the DCFH-DA needs to be hydrolysed by intracellular esterase once diffusing into cells, the production of the final fluorescent substance is determined by the oxidation of H 2 O 2 whose level is proportional to the cell number (Bass et al. 1983; Royall and Ischiropoulos 1993) .
So the prominent feature of DCFH-DA method is the perfect linearity between the cell number and the fluorescence intensity. The feature is consistently presented from a cell density ranging from 500 cells/ mL to 2.5 9 10 5 cells/mL (Figs. 1, 2) , even for an overnight incubation (data not shown). The final concentration of DCFH-DA was 25 lM in this study. This concentration was the standard concentration used elsewhere for the determination of intracellular H 2 O 2 levels (Hockenbery et al. 1993; Zamzami et al. 1995) . This new application of DCFH-DA enabling the use of a broad range of plating cell densities for culture initiation can be applied for the observation of cell growth affected by compounds to be assessed. The tetrazolium salt method usually leads to inaccurate reading when the plated cell numbers are too high because of exceeding the measurement limit of the photometer used .
However there are two problems when applying this method in practices. Firstly, DCFH-DA diffusing into cells at a concentration of 25 lM might be toxic to the cells since we have observed the phenomenon that most of the adherent cells turned round in situ when incubated with DCFH-DA for 2 h, and were unable to keep proliferating in further culture (data not shown). Secondly, the level of H 2 O 2 determined by the DCFH-DA method might fluctuate slightly between the same number of cells with drug function and cells without drug function if the screened compound has an antioxidative effect. Baicalin, for example, an anticancer compound used in this study, is a potent antioxidant primarily extracted from a kind of chinese herb called Scutellaria baicalensis in Latin (Gao et al. 2011; Takahashi et al. 2011) . It is a reactive oxygen species scavenger when the concentration of Baicalin in the medium is at low level, while it turns to be a cytotoxic reagent by dramatically increasing intracellular level of reactive oxygen species when the concentration of Baicalin in the medium is at high levels (Du et al. 2010) . The result of the former situation will lead to decreased level of H 2 O 2 detected than that of the same cells without Baicalin functioning (control group), while the result of the latter will lead to increased level of H 2 O 2 detected than that of actuals (control group). Even so, A549 cells and D407 cells sensitivity to the anticancer compound Baicalin determined by these two methods were not significantly different (Table 1) , though the coefficient of variation of the DCFH-DA method was relatively higher in comparison with that of the MTT method.
In brief, DCFH-DA has many advantages over other techniques developed. It is very easy to use, extremely sensitive to changes in cell numbers, inexpensive and can be used to follow changes in cell proliferation or cytotoxicity over time, thus could be used in cellular sensitivity determination to primary high-throughput screening of drugs.
